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Figure S$1. Identification of PULs associated with D-galactan degradation. A)
Transcriptomic analysis of B. cellulosilyticus cells grown on arabinogalactan (AG) as
compared to those grown on glucose as a sole carbon source. Transcriptomic analysis of B.
cellulosilyticus cells grown on AG (n=3) as compared to those grown on glucose (n=3) as a
sole carbon source. Differentially expressed genes were determined according to a negative
binomial model with DESeq2 and adjusted for multiple testing using the Benjamini-Hochberg
method. B) PULs identified as being upregulated during growth on AG based on the proteomic
analysis. C) AG from M. smegmatis was treated with 1 pM B. finegoldii enzymes
BACFIN_08810 and BACFIN_04787 overnight, then dialysed to remove free galactose. D)
Acid hydrolysed aliquots of treated arabinan and untreated arabinogalactan were analysed by
ion-exchange chromatography with pulsed amperometric detection (IC-PAD). Comparison to
arabinose and galactose standards showed an approximate 70% reduction in galactose in the
treated D-arabinan. Green star — D-arabinose, yellow circle — D-galactose. Source data are
provided in the Source Data file.
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Figure S2: D. gadei whole cell proteomics Dynamic range of the D. gadei proteome,
based on ranked iBAQ intensity, when grown on D-arabinan. Proteins from PUL42 are
identified in red. The mass spectrometry data have been deposited to the
ProteomeXchange Consortium via the PRIDE partner repository with the dataset
identifier PXD039984 (http://www.ebi.ac.uk/pride/archive/projects/PXD039984).
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Figure S3: TLC of GH172 enzyme catalysed reactions. GH172 enzymes (DgcH172a,
DgacH172b, Dgaehi72c, NOCgH172, and Mycgh172) were incubated with arabinogalactan (A), LAM
(B), pilin oligosaccharides (C), and galactan (D) overnight at 37 °C, analysed by TLC and
stained with orcinol. Yellow circles = D-galactose, green stars — D-arabinose.
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Figure S4: Michaelis-Menten Kinetics of GH172 enzymes against pNP-a-D-Araf. Rates
were measured with 100 nM enzyme at 37 °C in 20 mM HEPES pH 7.5, against varying
concentrations of p-nitrophenyl-a-D-Araf at 400 nm. Each concentration was repeated in
triplicate, in some cases the error bars fall within the plotted data-points and are not visible in
the plots. n = 3 biological replicates, error bars are +/- standard deviation. Source data are
provided in the Source Data file.
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Figure S5: SEC-MALs of GH172 enzymes. SEC-MALS analysis of Dggh172a (A), DgaH1726
(B), DggHi72c (C), Nocah172 (D), and Mycghi72 (E) allowing assignment of average masses to
each GH172 enzyme (Table 3). Masses are consistent with: DgcH172a being a dodecamer;
DgcH172p @s a dimer species; Dggri72c as a hexamer; and Nocgh172 and MycCghi72 as trimeric
species. Source data are provided in the Source Data file.
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Figure S6: Sequence alignment of GH172 enzymes. Protein sequence alignment of GH172
enzymes (DgcH172a, DgcH172b, DgcH172c, BUgH172, Bdehi72, NoCgH172, and Mycghi72). Catalytic
residues have been highlighted by a black star. Red boxes with a white character show strict
identity, and red character with blue frames show similar residues. Protein sequences were
sourced from Uniprot and alignment was performed using Clustal Omega, and then formatted
with ESPript 3.
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Figure S7: SEC-LS analysis of DggHi72c mutants. SEC-MALS analysis of DggH172c-E233A
(A, dashed red line), Dggri72c -E254A (B, dashed red line) and DggHi72c -D255A (C, dashed
red line) overlaid with DgcH172c-WT (black line, A/B/C). All mutants have a weight consistent
with that of a hexamer and similar to WT. Source data are provided in the Source Data file.
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Figure S8: Phylogeny of DUF4185 enzymes found in selected acid-fast bacteria. A
restricted alignment of 39 complete sequences from a selection of acid-fast bacteria
and enzymes characterised in this study were aligned with Clustal Omega using
default settings in SEAVIEW v.4.6.4 with some manual adjustments®®°. The
alignment shows two clear clades of DUF4185 enzymes in acid fast bacteria with
some further diversification, mainly in non-mycobacterial species.
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Mycobacteriophage C Cluster:

C1 Spud — ‘. :-. —

Adhesin  LysinA Holin  LysinB Terminase

C2 ScoobyDoobyDOO  wm m . —

Adhesin  LysinA DUF4185 Unk Terminase
Gordoniaphage DQ Cluster:

DQ GMAG == T - -1 - —

Adhesin Unk Lysin A + DUF4185 Holin Unk  Unk

Rhodococcus phage:

Singleton Finch | = = 3 __gm. -

Unk Unk Unk Unk Lysin A + DUF4185 Holin

Figure S9: Organisation of phage lysis cassettes in cluster C, DQ, and a Rhodococcus
phage singleton. Genomic regions encoding the lysis cassettes for clusters C1, C2, DQ in
addition to the singleton Finch. Lysin B is absent in C, DQ and Finch and appears to be
replaced by either a separate DUF4185 enzyme or as a LysinA-DUF4185 fusion. Unk —
unknown.
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Figure S10: Thin-layer chromatography (TLC) analysis of DUF4185 enzyme catalysed
reactions. DUF4185 enzymes (DgGH4185a, DgGH4185b, MabGH4185, PhageGH4185, MyXOGH41s5,
MSMEG_2107, and Rv3707c) were incubated with arabinogalactan (A), LAM (B), galactan
(C), and pilin oligosaccharides (D) overnight at 37°C. 10 pL of each reaction was spotted at
the origin of the TLC and the TLC was developed in a system consisting of 2:1:1 (v/v) of 1-
butanol:acetic acid:water and visualised by staining with orcinol and charring. Yellow circles =
D-galactose, green stars — D-arabinose.
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Figure S11: Sequence alignment of DUF4185 proteins

Protein sequence alignment of DUF4185 enzymes with putative active site residues
highlighted with black stars. Red boxes with a white character show strict identity, and red
character with blue frames. Sequence aligned using Clustal Omega and visualised using
ESPript.
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Figure S$12: Start site analysis for Rv3707c. SignalP 6.0 output for Rv3707c with four
potential upstream start sites included. Proline residues are indicated in purple.
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Figure S13: Release of fluorescently labelled D-arabinan by selected acid-fast enzymes.
Fluorescent mycolyl-arabinogalactan-peptidoglycan complex (mAGP) obtained from 5-AcFPA
treated C. glutamicum was incubated with 1 yM of each enzyme with rotation overnight. After
3 washes, the remaining fluorescent signal was measured. Enzyme activity is represented as
a reduction in fluorescence relative to the untreated control (n = 2 technical replicates). Source
data are provided in the Source Data file.
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Figure S14: Uncropped TLCs for figures in this paper.



Supplementary Tables

Table S1: Recipe for 50ml of 2x defined minimal media

Component

Mass (mg) or volume (ml)

10x Bacteroides salts (4L)
(544g KH2POQO4, 35g NaCl ,45g (NH4).SO4 — pH 7.2)

10 ml

Balch’s vitamins (1L)
(p-Aminobenzoic acid, 5mg
Folic acid, 2mg
Biotin, 2mg
Nicotinic acid, 5mg
Calcium pantothenate, 5mg
Riboflavin, 5mg
Thiamine HCI, 5mg
Pyridoxine HCI, 10mg
Cyanocobalamin, 0.1mg
Thioctic acid, 5mg
Distilled Water, 1L)

1 ml

Trace mineral solution (1L)
EDTA, 0.5g
MgSO4*7H20, 3g
MnSO4*H20, 0.5g
NaCl, 1g
FeS04*7H20, 0.1g
CaClz, 0.1g
ZnS04*7H20, 0.1g
CuS04*5H20, 0.01g
HsBOs, 0.01g
Na:Mo0O4*2H:0, 0.01g
NiCl2*6H20, 0.02g

1 ml

Purine/Pyrimidine solution (1L)
200 mg each: Adenine (Sigma, A2786)
Guanine (Sigma, G11950)
Thymine (Sigma, T0895)
Cytosine (Sigma, C3506)

Uracil (Sigma, U1128)

1 ml

Amino acid solution (250 ml)
62.5 mg of all 20 standard amino acids

1 ml

Vitamin K3 (1 mg/ml)

0.1 ml

FeSO4 (0.4 mg/ml)

0.1 ml

CaCl (0.8% wiv)

0.1 ml

MgCl2 (0.1 M)

0.1 ml

Vitamin B12 (0.01 mg/ml)

0.05 ml

L-Cysteine

100 mg

Distilled water

Up to 50 ml total

Solution pH was adjusted to 7.2 and then syringe-filtered through a 0.22 uM membrane filter.
It can then be mixed with any 2x carbon source stock (usually 10 mg/ml) in a 1:1 ratio for a 5

mg/ml final carbon source minimal media.




